A combined alkaline phosphatase (AP) and dipeptidlypeptidase IV (DPP IV) staining reaction has demonstrated enzymatic heterogeneity of the arterial and venous segments of capillaries in rat skeletal muscle. This study compared the staining reactions of skeletal muscles in many commonly used laboratory animals, including the axolotl, chick, quail, Monodelphys, rat, mouse, hamster, guinea pig, rabbit, dog, monkey, and human. DPP IV activity was found in the venous ends of the capillaries and in the endothelium of some larger veins in many of the species but was never demonstrated in the arterial side of the circulation. AP was found in the arterial ends of capillaries in all species except the axolotl, and it was also found in the endothelium of larger
Introduction
It has recently been shown that the capillaries of both normal and regenerated rat muscle stain differentially for the activities of alkaline phosphatase (AP), which is positive in the arterial end of the capillary, and dipeptidylpeptidase (DPP IV), which is present in the venous segment (Grim et al., 1986; Mrazkovi et al., 1986; Lojda, 1979) . AP is commonly used as a general capillary stain, whereas the distribution of DPP IV in blood vessels and other tissues has been investigated only recently (Gossrau, 1985; Lojda, 1984) .
DPP IV is a membrane-bound peptidase which mediates the cleavage of terminal dipeptides from proteins or polypeptides containing proline, hydroxyproline, or alanine in the penultimate position (Gossrau, 1985; Lojda, 1984) . In cross-sections of rat muscle, differential staining of capillary segments for these two enzymes produces a mosaic staining pattern, with capillaries in some areas positive only for AP and in others positive only for DPP IV (Mrazkovi et al., 1986) . The DPP IV stain has also proven to be useful in studies on muscle spindles (Soukup and Dubovy, 1985) and developing meninges (Haninec and Grim, in press) in the rat. Supported arteries of most species. AP activity was absent in venous endothelium of all species except for birds and Monodelphys. DPP IV activity was found in the perineurium of intramuscular nerves of most species, and AP activity was commonly seen in tendons and intramuscular connective tissue. The interspecies variability found in this study shows that cue must be taken in comparing experimental data involving this technique from one species to another, but within a species the technique allows a fine level of discrimination between functionally distinct compounds of skeletal muscle h u e . (J H s t d e m Cytocbem 38:1907-1912, 1990) KEY WORDS: Alkaline phosphatase; Dipeptidylpcptidase I V Skeletal muscle; Endothelium.
This comparative study was undertaken to determine whether or not the reaction patterns observed in rat muscle would be found in other species of laboratory animals that are commonly used for experimental investigations on muscle biology. Because neither AP nor DPP IV is uniquely present in the endothelium of muscle capillaries, it is also important to ascertain what other tissue and cell types in a muscle react positively for them. This is increasingly important in view of the recent use of AP as an antibody marker in immunocytochemical staining procedures.
Materials and Methods
This study was conducted on skeletal muscle taken from a number of laboratory animals and humans. The species used were as follows: amphibian, axolotl (Ambystoma memcanum); bird, chicken and Japanese quail; mammal, gray short-tailed opossum (Monode(phys domestica), rat, mouse, hamster, guinea pig. rabbit, monkey, and human.
The muscles were removed from anesthetized individuals and immediately frozen in Freon 22 cooled with liquid nitrogen. Blocks of muscles were sandwiched in slices of liver. Both cross-and transverse sections were cut at 10 pm. Serial sections were stained separately for AP or DPP IV activity. Before being placed in the reaction mixtures, sections were immersed in a cooled acetone-chloroform (1:l) mixture for 5 min. For detection of AP, the method of Burstone (1962), as modified by Lojda et al. (1979) , was used. The incubation medium contained naphthol AS-MX phosphate (3- --
a i means that the staining reaction was eithcr very weak or not always cvidcnt.
Abbreviations of muscles mcntioncd in Tables 1 and 2: ALD. anterior latirsimus dorsi; PLD. postcrior latissimus dorsi: EDL. cxtensor digitorum longus; sol., soleus; ** means that thc structure in question was not found in the sections examined. gprtroc.. gutrocnemius; tib. ant.. tibialis anterior. which might correspond to cytoplasmic processes of fibroblasts. Dense deposits of stain are localized at individual myotendinous junctions (arrows). Ban = 100 pm.
hydroxy-2-naphthoic acid 2.4-dimcthylanylidc) (Sigma, St Louis, MO; or Lachema. Brno. Czechoslovakia) and fast blue BB (Lachema) in Tris-HC1 buffer at pH 9.2. Sections were incubated for 30 min at 37'C or overnight at 4'C. Control sections were incubated in a medium to which 2 mM I m isole was added as an AP inhibitor. DPP IV was detected by the method of Lojda et al. (1979) using an azo coupling procedure with glycyl-prolyl-4mcthoxy-2-naphthylunide (Bachcm; Bubcndorf. Switzerland) and f u t blue B (Lachema) in phosphate buffer at pH 7.4. Sections were incubated at 37'C for 41 min or at 4'C overnight. Control sections were incubated in substrate-free medium. In some sections the WO strains wcrc combined.
Results
The comparative data on the localization of the DPP IV and AP staining reactions of the various tissue components of muscles in the species tested are given in Tables 1 and 2. The data are based on sections that were stained separately for each of the enzymes as well as sections in which the two stains were combined.
D$eptidylpeptidase I V
DPP IV activity was found in the capillaries of only about half of the species tested, but in those species in which it was present activity was found only in the venous side of the capillary bed or in the veins ( Figures 1 and 2) . The non-mammalian species tested (chick, quail and axolotl) were negative not only in the capilsystems. In the mammals tested. there was considerable variation. Among the rodents, mouse endothelial cells were uniformly negative in all vessels, whereas DPP IV activity was present in the endothelium of capillaries and some larger veins in both rat and guinea pig. Hamster capillaries were negative, but some larger veins showed DPP IV activity. Both monkey and human exhibited DPP IV activity in capillaries and some veins. DPP IV activity was found in the peripheral nerve sheaths of the birds and all mammals tested, except for the dog and Monodelphys. More variation among species was seen in the staining reactions of muscle spindles. Among the mammals that demonstrated DPP IV staining of spindles, the majority of the stain was localized in the outer capsule. In birds, however, interior structures of the spindles were also stained. With the exception of the hamster and guinea pig. when the capsule of the muscle spindle was DPP IV positive, so was the perineurium.
The connective tissue of the tendon and the myotendinous junction reacted positively in all mammals except for the dog and Monodelphys. with the reactions of the guinea pig being especially strong.
AIhIine Phosphatase
Except for Monodelphys and the non-mammalian species, at least some intramuscular capillaries of all species tested reacted positively for AP activity (Table 2 ; Figures 3 and 4) . However, there was considerable variability from one species to the next in the porportion of capillaries stained. It was very high in guinea pigs, hamsters, and dogs, but very low in monkeys. Because of the difficulty in distinguishing capillaries and pre-capillary arterioles at this level. these two classes of vessels were lumped together. Among the prccapillary vcsscls in the arterial side of the circulatory bed, endothelial staining was considerably more variable (Table 2) . Except for the two species of birds tested, no AP activity was demonstrated in venous endothelium.
AP staining of the epineurial connective tissue was prominent only in monkeys and birds. Endoncurial connective tissue was also stained in birds. Similarly when found, the capsules of muscle spindles stained positively only in hamsters and dogs. However, intrafusal muscle fibers reacted positively for AP activity in a few species. In mammals, staining of tendons and intramuscular connective tissue was generally weak. In both chick and quail there was a pronounced difference in the staining of intramuscular connective tissue between fast and slow muscles, with much stronger staining in the fast posterior latissimus dorsi (PLD) muscle than in the slow anterior latissimus dorsi (ALD) muscle. In both the chick and quail the endomysium stained more intensely for AP than did the perimysium or epimysium. In all other species tested the AP staining reaction was very weak in all of the muscle connective tissue layers.
Discussion
Development of the combined AP and DPP IV staining technique as a tool for experimental studies in muscle biology requires a determination of the sites of expression of these enzymes among the various tissue components of a muscle. Our earlier work on the rat (Mrzakovi et al.. 1986) demonstrated a mosaic distribution of APand DPP IV-stained capillary segments in cross-sections of rat muscles. Differences in staining patterns from one muscle to the next in the rat were correlated with differences in the distribution of muscle fiber types and in the proportions of the capillary segments that reacted for AP activity (arterial end) and DPP IV activity (venous end). Such data provided the basis for a study of enzymatic differentiation of the vascular bed in regenerating rat muscles (Grim et al., 1986) .
The present study, which was conducted on muscles of the animals that are most commonly used for experimental investigations on muscle, showed that there is considerable variation among species in the staining reactions for AP and DPP IV activity, not only of the vascular bed but also of other tissue components of muscle. For example, whereas DPP IV activity was prominent in capillaries and veins in the rat, it could not be histochemically demonstrated in any components of the vascular bed in the mouse. Therefore, great care must be used in comparing results obtained on different species.
Nevertheless. certain basic generalizations can be made about staining reactions of the vascular bed in muscle. The first is that DPP IV activity is found nowhere on the arterial side of the intramuscular circulation. The second is that in higher mammals, at least, AP activity is confined to the arterial side. Among the species tested, there was no consistency in the maximum size of arteries or veins that express enzymatic activity.
From the phylogenetic standpoint, some tissue components in the muscles of birds often had opposite staining reactions from those of mammals, with respect to both AP and DPP IV. A prominent example was the finding of AP activity in the veins of birds. The finding also of some AP activity in veins of Monodelphys, a primitive marsupial, suggests that main-line mammals may have diverged from the birds in the pattern of expression of this enzyme.
Alkaline phosphatase has often been considered to be a general capillary stain (e.g., J6zsa et al., 1985; Hudlicki et al., 1984) , but the results of this study (e.g., Figures 3D-3F ) clearly show that large segments of muscle may be devoid of stained capillaries, even after overnight incubation. Such findings are in accordance with the increasing recognition that there are prominent organ-specific and regional differences in important characteristics of the terminal vascular bed even within a single individual (Fishman, 1982) .
Although there was also considerable variation among species in the presence or absence of AP and DPP IV activity among the sheaths of intramuscular nerves, DPP IV activity was confined to the perineurium, whereas AP activity, when expressed, was found mainly in the epineurium. This distribution of activity in peripheral nerves of many species parallels the findings of Haninec and Grim (in press) , who found in developing spinal cord and peripheral nerves of the rat that the DPP IV-positive coverings were located inside the AP-positive ones.
At this point it is difficult to interpret the variable interspecific patterns of AP and DPP IV staining on the basis of the known or presumed functions of these enzymes. From the perspective of this study, considerations of the specific functions of these enzymes are not as relevant as their localization to identifiable components of muscle tissue. It is possible that the variation among species in the presence or absence of DPP IV in specific tissues can be explained by their use of different peptidases to fulfill similar functions.
